We report that the IIIc transcriptional alternative of Fgfr2 is transcribed in the unfertilized egg and that during early zygotic transcription, messages encoded by both Fgfr2 alternatives (IIIc and IIIb) are present. The Fgfr2 protein was ®rst detected in peripheral blastomeres of compacted morulae. Trophectoderm speci®city of Fgfr2 became obvious in the early blastocyst and with maturation its localization underwent further speci®cation, Fgfr2 concentration increased at the abembryonic pole and decreased at the embryonic pole. Moreover Fgfr2 expression became markedly asymmetrical along the animal-vegetal axis of the mature blastocyst. Our observations indicate a role for Fgfr2 in trophectoderm growth and speci®cation and in the orientation and polarity of the preimplantation conceptus. q
Results and discussion
Fibroblast growth factors (FGFs) (Haub and Goldfarb, 1991; Hebert et al., 1991; Niswander and Martin, 1992) and their receptors (FGFRs) (Rappolee et al., 1994; Rappolee et al., 1998) are known to be expressed in preimplantation embryos. Functional analyses indicated that Fgf4 is involved in trophoblast proliferation and in the maintenance of the ICM (Feldman et al., 1995; Tanaka et al., 1998) . Moreover inhibition of FGF signaling by abrogating FGFR function through a dominant negative mutation blocks development at the ®fth cleavage division (Chai et al., 1998) . Targeted mutations suggested that Fgfr2 plays an important role in events both prior to and at implantation (Arman et al., 1998) . Since little was known of the localization of FGFR2 in the preimplantation embryo, a study of the spatial and temporal expression of Fgfr2 was carried out and is reported here.
Maternal expression in unfertilized eggs was investigated. RT-PCR utilizing primers speci®c for the IIIb and IIIc transcriptional alternatives of Fgfr2 demonstrated that Fgfr2 IIIc transcripts are present in the oocyte (Fig. 1A) . Signi®cant (~5-fold) decrease of Fgfr2 IIIc transcription was observed in two-cell embryos, followed by a 7-fold increase in compacted morulae (Fig. 1A,B) . The Fgfr2-IIIb isoform was detected only from the two cell stage (Fig. 1C) , suggesting early zygotic activation of this second transcriptional alternative. Synchronous expression of both Fgfr2 isoforms was maintained at least as late as the compacted morula stage (Fig. 1A,C) .
To study the localization of the Fgfr2 protein in preimplantation embryos, immunocytochemistry using a polyclonal antibody to the extracellular domain of human FGFR2 was carried out (Twigg et al., 1998) , and the signals were analyzed by confocal microscopy. Low levels of Fgfr2 proteins were ®rst detected in the compacted morula. The protein initially appeared in the cell membrane and peripheral cytoplasm of three to four adjacent peripheral blastomeres ( Fig. 2A) . In more advanced morulae it spread to all outer cells (Fig. 2B ). Similar observations were made at the RNA level by whole mount in situ hybridization (Fig.  2C,D) .
In early blastocysts Fgfr2 was expressed throughout the trophectoderm (Fig. 3A±C) and strikingly little or no signal was detected in the ICM. In unexpanded blastocysts, where the 1CM and blastocyst cavity are of similar volume, Fgfr2 protein was also seen at the ICM/blastocoel interface (Fig.  3A) . This interface has been shown by Fleming et al. (1984) to be covered by cytoplasmic extensions that derive from The pattern of Fgfr2 expression in the morula and blastocyst corresponds to the segregation of the ®rst two embryonic lineages. the trophectoderm and the ICM. This is initiated in 8±16 cell compacted morulae, where the outer polar cells destined to form trophectoderm, enclose inner apolar cells which are the ICM precursors (Tarkowski and Wroblewska, 1967; Hillman et al., 1972; Graham, 1978) . Fgfr2 is one of the ®rst signal transduction molecules to be speci®cally localized to the trophectoderm lineage, from its inception at the morula stage.
In early blastocysts Fgfr2 is present in the polar trophectoderm in close contact with the 1CM, where its ligand Fgf4 is expressed (Niswander and Martin, 1992) . This suggests that the trophectoderm is a target for FGF signaling from the ICM through Fgfr2, a notion supported by requirement of FGF4 for sustained in vitro trophoblast growth (Tanaka et al., 1998) . Fgfr2 null blastocysts look normal at 3.5 d.p.c., which would imply that Fgfr2 is not required for trophectoderm formation (Arman et al., 1998) . However the observed maternal Fgfr2 transcripts might be suf®cient to support trophectoderm differentiation.
With maturation and expansion a signi®cant increase in Fgfr2 protein was observed, and the pattern of Fgfr2 expression altered. Whereas in the early blastocyst Fgfr2 protein was present in all trophectoderm cells (Fig. 3) , in expanded blastocysts, the polar trophectoderm, in contact with the ICM showed a marked reduction Fgfr2 levels, whilst the mural trophectoderm, surrounding the blastocoel, expressed high levels of the protein (Fig. 4A±C) . In vertical projections of optical sections, a sharp drop of Fgfr2 expression was observed in the polar trophectoderm from the mural/polar trophectoderm junction (Fig. 4C) , and in late, hatching blastocysts the leading abembryonic edge of the mural trophectoderm showed the highest levels of Fgfr2 (Fig. 4D) .
At implantation the blastocyst attaches to the uterus by means of the mural trophectoderm (Smith, 1985) and triggers decidualization, for which the trophectoderm is responsible (Gardner and Johnson, 1972) . Attachment to the antimesometrial wall of the uterus by the mural trophectoderm at the abembryonic pole ensures that the orientation of the embryo within the uterine crypt is not random (Assheton, 1895; Alden, 1945) . This has consequences for the future position of the dorsoventral axis.
Characteristic of Fgfr2 2/2 embryos was incomplete decidualization and random orientation of the blastocyst in the uterine crypt (Arman et al., 1998) . We suggest that low levels of Fgfr2 in the polar trophectoderm and high levels in the mural trophectoderm facilitate the correct orientation of the implanting blastocyst. Also FGF signaling between the uterus and the trophectoderm may be required to induce a decidual reaction; this was greatly impaired in the Fgfr2 2/2 conceptus (Arman et al., 1998) . In a minority of blastocysts a monolayer of Fgfr2 positive cells whose morphology differed from ICM cells, was observed at the blastocoel interface (Fig. 4B) . It was assumed that these are primitive ectoderm cells. However in the absence of an antibody speci®c for a primitive ectoderm marker, this assumption could not be con®rmed.
A second type of asymmetry was observed in more than half of the expanded blastocysts (Table 1 ). This asymmetric distribution was perpendicular to the embryonic-abembryonic axis, with higher Fgfr2 levels observed on one side of the embryo than on the other (Fig. 5A±C) . Moreover surface reconstructions often showed patches of mural trophectoderm with low levels of Fgfr2 (Fig. 5D ). Our analysis may underestimate the real frequency of asymmetric blastocysts, since during confocal imaging the orientation of the blastocyst was random. The axis of bilateral symmetry of the blastocyst is marked by polar bodies (Gardner, 1997) . It was therefore possible that this lateral asymmetry might correspond to their position. However we found no correlation between the position of the polar body and the asymmetric expression of Fgfr2. Whether the described asymmetries of Fgfr2 expression in the blastocyst are relevant to the polarity of the embryo (Gardner, 1998) requires functional analysis. 
Experimental procedures

Isolation of embryos
Embryos and unfertilized eggs from random bred, superovulated MF1 (Olac) mice was according to Hogan et al. (1994) .
Semi quantitative RT-PCR
Total RNA was isolated from unfertilized eggs and embryos. For cDNA synthesis 200 U Superscript II reverse transcriptase (Gibco, BRL) was used. PCR was carried out with 2.5 U of polymerase (DynaZyme II; Finnzymes OY, Finland). H -GACTGGTTGGCCTGCCCTATATAAT-3 H . The sequence of rabbit globin primers was described previously (Hogan et al., 1994; Riley et al., 1998) . Quantitation of RT-PCR products was as described (Doherty et al., 1994) . Each experiment was repeated four times, with similar results. The identity of the ampli®ed band was con®rmed by Southern analysis.
In situ hybridization
Zona free embryos at day 2.5, or day 3.5 p.c. (Hogan et al., 1994) , were centrifuged onto polycationic microscope Table 1 Asymmetric Fgfr2 expression in the mural trophectoderm does not correspond with the position of the polar body slides (Super-frost/Plus; Fisher Science) and ®xed as described (Wilkinson and Green, 1990) . Digoxigeninlabeled sense and antisense RNA probes were synthesized from the transmembrane region of Fgfr2 cDNA (nucleotide 1703±2069) using a kit from Boehringer (Mannheim). Hybridization was as described (Conlon and Herrmann, 1992) .
Confocal immuno¯uorescence microscopy
Embryos at blastocyst or morula stages were collected and either ®xed immediately in cold methanol for 5 min at room temperature, or were cultured in M16 and ®xed subsequently (Hogan et al., 1994 ). An af®nity puri®ed sheep polyclonal antibody raised against the extracellular domain of human FGFR2 was used (Twigg et al., 1998) with Cy-3-conjugated donkey anti-sheep F(ab) 2 fragment (Jackson) as the secondary antibody. Embryos were counter stained with FITC conjugated phalloidin (Sigma) which binds actin ®laments. For confocal microscopy on a Biorad Scanning Laser Imager, embryos were observed unmounted in a depression chamber. It should be noted that relative intensities of Fgfr2 staining cannot be compared from ®gure to ®gure, since during scanning identical parameters were not always maintained. 
